INTRODUCTION
Yard long bean (Asparagus bean; Vigna unguiculata subsp. Sesquipedalis) is a legume extensively cultivated in Indonesia consumed as a green vegetable. Yard long bean, a native of Southeast Asia bean, known as "kacang panjang" in Indonesia, produces delicious edible pods and beans that are popular for their delicate flavor and nutritional value. Since the middle of 2008, a severe virus-like disease outbreak with yellow mosaic symptoms was observed in the beans grown in farmers' fields in West Java (Bogor, Bekasi, Indramayu and Cirebon) (Damayanti, Wiyono and Rauf, field observations). Indonesian Department of Agriculture also announced that the similar symptom was observed in Tangerang Banten, Subang, and Muntilan, (Central Java). In the fields, the leaves of symptomatic plants showed severe mosaic with bright yellow and vein-clearing symptoms and the pods produced by these plants were deformed with mosaic symptoms on the surface (Figure 1a-d) . Vein-clearing also was observed conferring a netting pattern on the symptomatic leaves. As the season advanced, the leaves showed bright yellow mosaic symptoms followed by necrosis and the death of infected plants. In Bogor area, the disease was observed on yard long bean. The disease spread rapidly in the fields with incidence up to 80-100% resulting in huge crop loss.
The aim of the research is to identify the causal of a yellow mosaic disease on yard long bean in Bogor, West Java.
MATERIALS AND METHODS
Serological Test. To investigate the causal agent(s) of disease, we collected symptomatic leaves from field in Bubulak, Bogor. The serological and transmission tests were conducted in Laboratory of Plant Virology, Department of Plant Protection, Bogor Agricultural University (BAU), Bogor, while the molecular detection, cloning, and sequencing were done at Washington State University (WSU), Prosser, WA, USA. Samples were tested with enzyme linked immunosorbent assay (ELISA) using antibodies against viruses infecting legumes such as Potyvirus genus-specific antibodies (AS-573/1; DSMZ, German Resource Center for Biological Material, Braunschweig, Germany) and antibodies raised against specific potyviruses such as Bean yellow mosaic virus (BYMV) (AS-0471; DSMZ,), Bean common mosaic virus strain Peanut Stripe (BCMV) (AS-0159; DSMZ), Soybean mosaic virus (SMV) (AS-0794; DSMZ) and Cowpea aphid-borne mosaic virus (CaBMV) (AS-0417; DSMZ). Samples were also tested with ELISA using antisera (AS-0929) raised against Cucumber mosaic virus (CMV; genus Cucumovirus).
Mechanical Transmission. Symptomatic leaves with severe yellow mosaic symptoms were homogenized in 0.1 M phosphate buffer (pH 7.2) containing 1% â-Mercaptoethanol (1:10, w/v) and inoculated onto primary leaves of 10 days old healthy yard long bean cv. Parade plants (Panah Merah). The inoculated plants were maintained in an insect-proof net house for symptom development.
Molecular Detection. Similar samples of symptomatic yard long bean leaves used in ELISA test were pressed on FTA classic cards (FTA ® Classic Card, Whatman International Ltd., UK) and shipped to Washington State University under the USDA-APHIS-PPQ permit number P526P-07-06707. Viral nucleic acids were recovered from 3 mm diameter FTA card discs (four discs per sample) into extraction buffer (Alabi et al. 2008) . One tube-single step RT-PCR was carried out using degenerate potyvirus-specific cylindrical inclusion (CI) primers (CIFor: 5'-GGIVVIGTIGGIWSIGGIAARTCIAC-3' and CIRev: 5'-ACICCRTTYTCDATDATRTTIGTIGC-3') (Ha et al. 2008) and degenerate primers (CMV-1F: 5'-ACCGCGGGT CTTATTATGGT-3' and CMV-1R: 5' ACGGATTCAAA CTGGGAGCA-3') specific for CMV coat protein (CP) subgroup I (Aramburu et al. 2007 ). Cloning and DNA Sequencing. The amplified DNA fragments were cloned separately into pCR2.1 vector (Invitrogen Corp., Carlsbad, CA) according to manufacturer's instructions. Two independent clones per amplicon were sequenced from both orientations.
Phylogenetic Analysis. The nucleotide sequences of the CI and the partial CMV CP genes were aligned independently with those of other BCMV and CMV and the phylogenetic tree were constructed from Clustal W-aligned sequences using the program MEGA 4.0 (Tamura et al. 2007 ) with neighborjoining method and maximum composite likelihood model to estimate the distances, and bootstrap support was estimated with 1,000 replicates.
RESULTS
ELISA Test. The symptomatic, but not healthy, samples tested positive using Potyvirus genus-specific and CMVspecific antisera, but were negative for BYMV, BCMV strain peanut stripe, SMV and CaBMV. These results indicate the presence of CMV and a yet to be identified Potyvirus in symptomatic samples.
Transmission. Chlorosis of inoculated leaves were observed 5-7 days post-inoculation, while newly developing trifoliate leaves showed mosaic symptoms with green veinbanding. These leaves showed bright chlorosis about 4 weeks post-inoculation. It is suggested that the yellow mosaic disease could be transmitted mechanically. On indicator plant Chenopodium amaranticolor, the inoculated leaves produced two types of symptoms, necrotic lesions and chlorotic spots with reddish necrotic center of a pin head size. In ELISA test of symptomatic C. amaranticolor, the former type of symptoms tested positive for Potyvirus groupspecific antibodies and the latter type of symptoms tested positive for CMV.
RT-PCR. Molecular detection by RT-PCR a 683 base pair (bp) fragment was amplified from four out of five samples with potyvirus-specific primers (Figure 2a) , and a 382 bp fragment was amplified from three out of five samples with CMV-specific primers (Figure 2b ). These results indicate the presence of a Potyvirus and CMV as multiple virus infection in three samples and presence of a Potyvirus as a single virus infection in one sample. The severe symptoms observed in yard long bean plants somewhat resembled those induced by Geminivirus and Luteovirus. The possibility of both groups virus co-infecting these yard long bean plants were tested by PCR using universal primers for Geminivirus as described by Deng et al. (1994) , and Luteovirus (Zhi-qiang et al. 2000) . This possibility, however, was ruled out based on results obtained (data not shown).
Phylogenetic Analysis. Pair wise comparison of these sequences with corresponding nucleotide sequences in the GenBank showed 92-97% with BCMV strain Blackeye (BCMVBlC; formerly known as Blackeye cowpea mosaic virusBlCMV) sequences from Taiwan (GenBank accession numbers AY575773) and 88-90% with BCMV sequences from China (AJ312438) and USA (AY863025) in the CI region. BCMV isolates from Indonesia clustered with BCMV isolate from Taiwan, suggesting that Indonesian isolates are more closely related to BCMV from Taiwan and distantly related to those from China and USA (Figure 3a) . The CMV isolates from yard long bean showed 100 percent identity among themselves. The CMV isolate (FJ687054) showed 90% more closely with CMV sequences from Taiwan, India, Italy and California rather than CMV from New Zealand (88%), Thailand (88%), and Malaysia (89%) and clustered with CMV from Taiwan ( Figure  3b ). These results confirmed the occurrence of multiple infections of BCMV-BlC and CMV in symptomatic leaves of yard long bean. 
DISCUSSION
BCMV (genus Potyvirus, family Potyviridae) and CMV (genus Cucumovirus, family Bromoviridae) have broad host range and are widely distributed around the world (Shukla & Brunt 1994; CABI 2005) . Their occurrence as dual infection has been reported in Georgia on V. unguiculata subsp. unguiculata and in Taiwan on asparagus bean. Both viruses caused synergistic interactions resulting in increased symptoms severity in mixed infected plants than those that are singly infected (Gillaspie et al. 1998; Chang et al. 2002) . Previously, both BCMV and CMV have been documented in soybean, mung-bean, and groundnut in East Java of Indonesia (Green et al. 1988 ) and caused single infection of those plants. BCMV-BlC, but not CMV, also was documented on yard long beans in Guam (Wall et al. 1996) . Thus, our study represents the first report of the occurrence of multiple infections of BCMV-BlC and CMV in yard long beans in Bogor. It is plausible that such mixed virus infections are also present in yard long bean fields in other places in Java, Indonesia. However, further investigation is needed to determine the etiology of yellow mosaic disease in these locations.
BCMV and CMV are known to be seed-borne in many legumes, including yard long bean, and transmitted by several species of aphids, including Aphis craccivora Koch, in a nonpersistent manner (Shukla & Brunt 1994; Wall et al.1996; Gillaspie et al. 1998; Roossinck 2001; CABI 2005; Schwartz et al. 2005) . We have observed A. craccivora in yard long beans and other legumes in Indonesia. It is likely that this species of aphid played a role in the spread of BCMV and CMV. Hence, further studies on the causal of yellow mosaic disease from other places in Java island, the role of aphid vector, seed transmission and alternative hosts of these viruses are in progress to gain a comprehensive understanding of the epidemiology of yellow mosaic disease in yard long bean. It is hoped that the outcome of these studies will help in the development of disease management strategies to mitigate the negative impacts of BCMV and CMV for sustainable production of yard long beans in Indonesia.
